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1 
The process of the present invention is con- 
cerned with a method of decomposing complex 
metal phosphate salts and recovering the metal 
values substantially free of phosphorus. The 
process is particularly concerned with the recov- 5 
ery of the titanium subgroup metals from com- 
plexes of said metals with phosphorus oxychlo- 
ride and phosphorus pentachloride. 
The terre "titanium subgroup metals" or "IV-B 
subgroup metals" as used in this specification and 10 
claires refers to the three elements of the IVB 
subgroup of the periodic table, namely, titanium, 
zirconium and hafnium. 
Zirconium is a .metallic element having many 
hnghly desirable characteristics. If bas a very 15 
high melting point, a specific gravity approxi- 
mately 20% less than plain carbon steel, and ex- 
cellent corrosion characteristics. Moreover, if is 
comparatively abundant. It is, however, rather 
diflicult to recover pure zirconium from zirconium 20 
orC. One of the chier difliculties encountered in 
such recovery is the problem of separating zir- 
conjure from the hafnium with which nearly 
all natural zirconium is associated. One method 
of separating zirconium from hafnium is a vola- 25 
tility type of process in which the phosphorus 
oxychloride or phosphorus pentachloride com- 
plexes of zirconium and hafnium are separated 
by fractional distillation.. One disadvantage of 
this process, however, is the difliculty of recov- 30 
ering the zirconium or the hafnium from the re- 
sultant enriched metal complex distillate or resi- 
due in a state sufficiently free of phosphorus that 
it may be readily converted to a phosphorus-free 
metallic state. 35 
It is an object of the present invention to pro- 
vide a method for recover.ing the titaninm sub- 
group metal values from phosphorus chloride and 
phosphorus oxychloride complex salts of said 
metals. 4O 
It ts an additional object of the present in- 
vention to provide a method of recovering zir- 
conjure in a iubstantially phosphorus-free state 
from complexes containing zirconium, chlorine, 
phosphorus and oxygen. 45 
If is an additional object of the present inven- 
tion fo provide a method of decomposing com- 
plex salts of hafnium, phosphorus and chlorine - 
and the recovery of hafnium values substantially 
free of phosphorus. 50 
Other objects wfll be apparent from the fol!ow- 
ing detailed description.. 
The process of recovery of the group IV-B 
metals from phosphorus chloride and phosphorus 
oxychlorlde complexes of these metals depends, 55 
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2 
primarily upon the decomposition of these com- 
plex salts by reaction of the salts with a mono- 
hydric alcohol. The process of the present in- 
vention comprises broadly reacting a group IV-B 
metal phosphorus oxychloride complex salt with 
a monohydric alcohol having less than rive car- 
bon atoms, then dissolving the reaction mixture 
in water, and recovering the group IV-B metal 
from the solution by precipitating the metal as 
the hydroxide. The metal values are thus re- 
covered in a form substantially free of phos- 
phorus. 
Whfle we do hot wish to be bound by any theory 
advanced, it is believed that the present procëss 
operates upon the principle of using the IV-B 
metal phosphorus chloride or oxychloride com- 
plex as a phosphorylating agent for the forma- 
tion of an organic phosphate with the monohy- 
dric alcohol. This organic phosphate binds the 
phosphorus so strongly as to prevent precipitC 
tion of the phosphorus during the subsequent dis- 
solution of the metal salt in water and its pre- 
cipitation and recovery as the metal hydroxlde. 
In any event, it is essentiol that the æte-p of 
reacting the alcohol with the complex sali and 
the steps of dissolution of the alcohol-complex 
sali mixture in water be carried out in that 
order. 
The process of the present invention is appli- 
cable fo the recovery of titanium, zirconium or 
hafnium from complexes of these metals with 
phosphorus oxychloride or phosphorus penta- 
chloride. The process which is essentially the 
saine for the recovery of all three metals is illüs- 
trated by the following description of the recov- 
ery of zirconium. 
The zirconium-phosphorus oxychloride com- 
plex is a dark green substance having a melting 
point of approximately 100 ° C. and a boiling point 
of approximately 360 ° C. The molecular formula 
is 3ZrC14.2POCb. The pentachloride complex 
which is believed to bave the formula 
3ZrC14.2PC15 
bas somewhat higher melting and boiling points,. 
the melting point being approximately 165 ° C. 
and the boiling point approximately 412 ° C. 
The flrst step of the present process com- 
prises contacting the complex with a mono- 
hydric alcohol having less than rive carbon atoms. 
Representative examples of suitable alcohols are 
methyl, ethyl, n-propyl, isopropyl and n-butyl 
alcohols. The use of absolute alcohol is prefer- 
able, but hot essential. It bas been round that 
contacting the two reagents in a llquid state gives 



the nost satisactory eaction. This ivolves 
iig e oeloe eoDle   tl 
g teDee til eoe w1 e 1cool 
is e s1ce be eoDle s  eltig Do1 
gebe  100 
howeve, a erY oiile. CoséaSie 
mt herefore be exerclsed to revent the ex- 
cessive volatization of he alcohol during xin 
with the comlex salt. One me o. pçç?ç lO 
ing excessive volatilization is to cool the alcoh¢l 
before and during mixing so hat he.temeratre 
of he mixture wfll be maintàe 5tb th 
ing çoint of the alcohol. 
also be added suciently slOWly th th5in 
point of the alcohol is hot exceeded in site of 
he cooling of he alcohol. Sincè te ighe 1= 
cohols have hgher boiling olnts, less 
trol is required when the royl and buyl alco- 
hols are used. In general, however, methl 
ethyl alcohol give the ost satisactory yields. 
:Zrci. iPOCl +bmoH . 
gë£r %an StOiCimeMc amot 
lUë .6omplete rctih. 3o 
9otibn thë 
t9éë the aicol n he Cbmplëx 
mixture is dissolved in war nd the zircbm. 
i pëiittëd s %he hYdrbXïde. 
b i huli ïuigèa  tê .in£rodCtion of 35 
gmbfii £Yi'okid ifito 
 .arokaç. i  çeê, reagen iC 
a Onià cai[ed 5Y tle prec[pitate Wll be 
r6vé ïi.o  recibitaté 
in éa if 6diu r 
ù Ke i-resohdlhg zC-chë Vil1  òrmed 
ad di%i:oni e wiïl bë 'eq:u:ire t0 remove 
t bdïu r 0tssium. ï% zs desirab]e t0 Carr 
soluiSh 6 he 
si'Cë d0çysis  ihe allyl 9£osPhae may oc 
cur on standg. is my result in some 
oru contammation of th mrcomUm hydrom e 
e ït i subseuefiy pecïRate and removed 5o 
ff e olutn. s%oichi04tric 6r gi'eater 
qhàhitiÇ  .i hdgOx[é  be used %o 
ZrCh+4«OHZr (OH) 
W tht he pr5¢ëSs bf Së peseht in%etï0n 
ha eh bfo£ dësibçd,. 'the invention Will be 
f:çth[ flUs%r%ea 
examples. 
Ten grains of molten3ZrCh:2POCh were dded 
 a fiask contai 2S-ml. -o absolute ethyl l- 
cohol:. é :flask s. cooled 
W-gdded 'sufficiéntly.91o so hat Zhe-retapera  
te f the eaction mixtuoe did hot re-above 
70  C,  vigoroUs reaÇtion ensued .resulting in 
tbd iiqd .phase.. eny-five. n: of waer 
were en dded -the flsk. A l5-ml, quntiy 70 
of/6 N-%OH 
st fiogcult 
6xIde WaS efi rem0ved flore 'the ixt 
¢ntruaZin. is 

monium molybdate reagent. The test was neg- 
ative indicating that if any phosphorus was pres- 
ent, it was present in a concentration below the 
sensitivity of this test. 
Ezampl« tI 
Sêen nd 0ne:ialf iit or n-pr6pl alcohol 
was cooled to --5 ° C. and 1518 g. of molten 
3ZrCI«2POCh was added directly fo the alcohol 
ovër, a periol, of two minutes with constant stir- 
ïing. The temperature of the mixture rose to 
70 ° C during this rime. The solution was then 
Co01ëtl % 20 ° C. and an additional 1055 g. of ,nol- 
ten coplèx a added over a rive-minute period, 
during W.hii.ïç_tte temperature of the mixture 
rose fo 75 ° C The alcohol solution was then 
dlluted Witlï 26.5 liters of hot water and am- 
moniUm hydroxide in quantity suflicient to glve a 
permanent orange color with methyl red in the 
mixture was added fo the water. This resulted in 
a precipitate of zirconium hydroxide which was 
fitteed frë thë soiUion and thèn vhëd 
Exapl ,III 
, lorton o 13.2 ig. 
was slowly-transfered to a .C0oiêd iïak contàii- 
ing 12 litirs of anhdous inei aiohS1 
ciently slowly that violent reactiSi Was prëdiiedi 
the rime required:,or the adfigiï .h bbUt 
fifteen minutes. The ïniure was then t- 
fêrêd to a barrëi containing 
waterat a temperature of 
ammonia was then added îo the-container. The 
contents were then checked with, 
diCator whiCh turne-d.yellow indicating a 
excess o mmonia. Th precipitae ormed 
altoïved to settle and the Super.natant_ 
The precipitate was,then washed three tirnis wi.th 
distilled Water.and finatty separated by 
The steps of the pr0Ss_ when appiied fo he 
disolutï0n of a group IV-B phosphorus ,pester 
chtoride oïnplex and recovCy of thè group lïr-B 
metàl in a hosplorus-ree state.are the same. as 
thuse set orth abo_ve for. the dssolutibn  a 
phosphorus oxYchloride complex. 
The ab0ve detailed description is gien 
poses of illustration and Spëcii aetdflS 
are not intendC to!imit the $cope of .theinven- 
tion whfch is fo be limited onl by-t'he ollov'ing 
claims: 
What is cl'aimed is: 
1. The-rnethod o recovmng itanim Subbiip 
metal valuês from u.phusphorus oxychloride.corn 
plex of said metal, which comprises recti. said 
complex with a :monohYdric alc0hol conçaning 
less rban rive cm-bon utom, dissotving said reac- 
tion mass .ii water introducing a source of .by- 
drbxyl -ions into aid solution, whçre_by Said 
titanium subgroup metal is precipitated as the 
h-ydróxide,-and recovering said precpita,te, 
2. The process 'of Cl«im .1 wheren the titanin 
sugroup "ruerai is titmïium. 
.3..The process of claire-1 wherein he anium 
subgroup metal is zirconiurn. 
4 . Thè process óf etaim- wherein he ,tia/iuin" 
sulgroup metal is :hfnium. 
5. The process of claim 1 :wterein ,sail mono- 
h:¢dic alcohol is methyl aicohol. 
6. The process of clairn 1 wherein std mono- 
bydric alcohol is :ethyl alcohoL 
7. The process of clairn-t, whe_rein said .mono- 
laydi'ic alcohol is -isopropyl-alcohol. 
, The process of :recovering zircnium 
in-asub;antiatl-y :phosphorus-fr_ee tate roi 



complex salt 3ZrC14.2POC]3, which comprises re- 
acting said salt with a mon.ohydric alcohol having 
less than rive carbon atoms, disolving said reac- 
ion mixture in an aqueous hydroxyl containing 
solution, and recovering the zirconium hydroxide 
precipitate thus formed. 
9. The process of recovering zirconium values 
from a zirconium-phosphorus oxychloride com- 
plex salt, which comprises reacing said salt in 
the molten state with anhydrous methyl alcohol 

6 
while maintaining the reaction temperature be- 
low the boillng looint of said alcohol, diolving 
said reaction mixture in vater and contacting 
the resultant solution with aqua ammonia where- 
by zirconium hydroxide is precipitated, and re- 
covering said precipiate. 
DIETEI M. GIUEN. 
JOSEPH J. K,.TZ. 

No references cited. 



